Using the capital market approach and the equity price data of 14 listed Chinese banks, this empirical study finds that there is a positive relationship between bank size and foreign exchange exposure. This relationship may reflect the larger foreign exchange operations and trading positions of larger Chinese banks and their significant indirect foreign exchange exposure arising from impacts of the renminbi exchange rate movements on their customers. Empirical evidence also suggests that the average foreign exchange exposures of state-owned and joint-stock commercial banks in China are higher than those of banks in Hong Kong, notwithstanding their limited participation in international banking businesses compared with their Hong Kong counterparts. It is also found that negative foreign exchange exposure is prevalent for larger Chinese banks, suggesting that an appreciation of the renminbi tends to reduce their equity value. It is therefore likely that the banking sector's performance will be hampered. Together with the fact that decreases in equity values generally imply a higher default risk, the effects of different scenarios of renminbi appreciation on the default risk of Chinese banks should therefore be closely monitored.
INTRODUCTION
Foreign exchange rate movements could be an important source of risk for banking institutions.
1 In a worst-case scenario, large foreign exchange losses could lead to bank failures. 2 Even for a mild scenario, foreign exchange losses could cause huge burdens on banks' profitability. Due to their serious implications for risk management and banking sector stability, measuring banks' foreign exchange exposure has long been a core interest of risk management professionals, academics, and central banks.
In the literature, a large number of empirical works have been carried out to examine the foreign exchange exposure of banks. However, past studies mainly focused on large banking institutions (Martin (2000) ) or banking markets that are well developed, including the US (Grammatikos et al. (1986) , Choi et al. (1992) , Choi and Elyasiani (1997) , and Martin and Mauer (2003, 2005) ), Japan (Chamberlain et al. (1997) ), Canada (Atindéhou and Gueyie (2001) ), and Australia (Chi et al. (2007) ). By comparison, studies focusing on less developed banking markets are relatively scant. Reflecting this, most banks have been required to measure and apply regulatory capital charges with respect to their foreign exchange risk since the issuance of Basel (1996) .
2
For example, the failure of Franklin National Bank of New York in 1974 in the US and the liquidation of Bankhaus (I.D.) and Herstatt KG in 1974 in West Germany. For details, see Aharony and Swary (1983) .
foreign exchange risk. Given this situation, a comprehensive empirical study on the foreign exchange exposure of Chinese banks could provide useful insights for both exchange rate and banking policies in China.
However, partly due to the lack of data, past analyses on the foreign exchange exposure of Chinese banks are rather primitive, mainly focused on the quantification of foreign exchange exposure arising from the banks' unhedged foreign assets and liabilities (i.e., direct or accounting exposures). As shown by Chamberlain et al. (1997) , to the extent that banks' direct exposure generally provides a significant explanation for banks'
foreign exchange exposure, it nonetheless only measures banks' foreign exchange risk partially. Using a bank's loan to an exporter as an example, Chamberlain et al. (1997) demonstrate that banks that perfectly hedge their accounting exposure could still be exposed to significant foreign exchange risk if exchange rate movements affect cash flows, competitiveness, and credit risk of the banks' customers significantly (i.e., indirect or economic exposures). 4 This indicates that the foreign exchange risk sources of banks are far more than just their net foreign assets holdings.
As for the identification of foreign exchange exposure of individual banks, while the direct exposure can be discerned largely from their accounting data, the indirect exposure, which arises from impacts of exchange rate fluctuations on the economy in general and the banks' customers in particular, takes more subtlety to identify from these data. Therefore, past analyses on the foreign exchange exposure of Chinese banks may not have been able to give a comprehensive picture of how Chinese banks are exposed to 4 For an exporter in the US, if the US dollar appreciates, then the competitiveness of the exporter may deteriorate, which would imply a higher default risk for the exporter. The bank that lends money to this exporter is therefore indirectly exposed to foreign exchange exposure. For details, see footnote 18 of Chamberlain et al. (1997) .
foreign exchange risk. This is particularly true given that the indirect foreign exchange exposure of Chinese banks appears to be a significant, or even a dominant, component of their overall foreign exchange exposure, as Chinese banks generally have a significant portion of loans that are related to export-import activities, such as lending to the manufacturing industry, the competitiveness and profitability of which are sensitive to exchange rate movements.
With the increased availability of time series and cross-section data for Chinese banks' equity prices, as a result of the listing of a number of major state-owned Chinese banks in stock markets since mid-2005, it has now become possible to investigate the overall foreign exchange exposure (comprising all direct and indirect foreign exchange exposures) of the Chinese banking sector more accurately and comprehensively using the capital market approach. Compared with the cash flow approach, another commonly adopted approach which is based on banks' financial statements data, the capital market approach has various advantages. Specifically, estimates from the capital market approach are forward looking and facilitate analyses of Chinese banks' default risk. More importantly, it remedies the problem of a lack of observations in the cash flow approach.
Owing to these advantages, the capital market approach is chosen in this study.
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Using the capital market approach and the equity price data of 14 listed Chinese banks in the Chinese stock market (i.e., A-share market) and the Hong Kong stock market (i.e., H-share market), this study attempts to investigate the overall foreign exchange exposure of Chinese banks individually.
Comprehensive review of these two empirical approaches on banking studies can be found in Martin and Mauer (2005) . It should be noted that these two approaches are also widely applied for studying other industries, see Muller and Verschoor (2006) .
The remainder of the paper is organised as follows. Sections II and III describe empirical specifications and data and estimation methods, respectively. Section IV presents estimation results. Section V concludes.
II. THE EMPIRICAL SPECIFICATION
Past empirical studies using the capital market approach to study foreign exchange risk of banks , such as Choi et al. (1992) , Wetmore and Brick (1994) , and Choi and Elyasiani (1997) , are essentially based on the following asset pricing model with different modifications, In the literature, various alternative interest rate variables are frequently adopted to estimate the interest rate sensitivity of banks' equity returns. For example, Flannery and James (1984) separately use the rate of change in the yield of 7-year Treasury bonds and the rate of change in the price of 1-year Treasury bills as a proxy for the interest rate variable. They show that commercial bank stock returns in the US are sensitive to interest rate changes no matter which interest rate variable is employed. For empirical studies of the sensitivity of bank stock returns to interest rates, see also Bae (1990) and Chen and Chan (1989) .
Although the empirical specification in Equation (1) is widely applied in past empirical studies to estimate foreign exchange exposure of banks, it is not without drawbacks. Various theories and empirical evidence suggest that the specification in Equation (1) could be extended and improved. In the first part of this section, the relevant theoretical and empirical considerations for model specifications will be discussed.
Different empirical specifications for dual-listed Chinese banks and locally listed Chinese banks which incorporate relevant theoretical and empirical considerations will be given in the latter part of this section.
For the market risk sensitivity, m n β , the specification in Equation (1) assumes that only the return of the market portfolio where a bank is listed affects the bank's stock return. However, this assumption may not be appropriate for dual-listed firms.
Theoretically, the expected return of a dual-listed firm depends not only on the return of the domestic market portfolio, but also on the return of the foreign market portfolio (See Alexander et al. (1987) ). Empirically, using daily equity price data for 16 dual-listed Chinese stocks (in A-and H-share markets) for the period of June 1995 to September 2001, Wang and Jiang (2004) find that the H-shares of Chinese stocks are exposed significantly to both the Hong Kong and Chinese stock markets, which is consistent with the asset pricing theory for dual-listed firms.
7 This result is also consistent with the fact that Hshare investors in Hong Kong theoretically bear significant country risk to China due to the fact that the H-share companies to a large extent operate mainly in China rather than in Hong Kong. As the six largest listed Chinese banks are dual-listed in the A-and H-share markets, ignoring this feature may result in misspecifications and thus biased estimation results.
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In addition, the relative weights of the exposure of a firm's A-and H-share returns to the Hong Kong market portfolio and the Chinese market portfolio are found to be generally different.
For the exchange rate sensitivity, X n β , earlier empirical studies generally assumed that firms' equity returns only depend on contemporaneous changes in exchange rates.
However, empirical evidence by Amihud (1994) , Bartov and Bodnar (1994), and Walsh (1994) suggest that there is a lagged relation between changes in exchange rates and firm values due to mispricing. Bartov and Bodnar (1994) bank staff to obtain the relevant information necessary for understanding the relation between changes in the renminbi exchange rate and banks' performance is short.
To incorporate relevant theoretical considerations and empirical evidence, we modify Equation (1) and consider the following empirical specifications for dual-listed
Chinese bank stocks, To estimate interest rate sensitivities, I n β , we include an explanatory variable in the estimation equation, namely, the rate of change in the yield of risk-free bonds ( t I ).
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This specification is consistent with the Maturity Mismatch Hypothesis by Flannery and James (1984) and facilitates the estimation of the sensitivities of Chinese banks' performance to changes in risk-free interest rates in China.
Regarding the foreign exchange exposure of Chinese banks, it is estimated through
. This specification assumes that excess returns of Chinese banks are a function of contemporaneous and lagged exchange rates (up to the J th lagged period), which is consistent with the Lagged Response Hypothesis by Bartov and Bodnar (1994) .
Under the specification in Equation (2), foreign exchange exposure of the n th Chinese bank, 8 This is proxied by the rate of change in the yield of 5-year Chinese government bonds.
β . In this study, t X is defined as the percentage change of the renminbi exchange rate, which is defined as the US dollar value of a unit of the renminbi.
9,10 An increase in the exchange rate implies an appreciation of the renminbi, and vice versa. Hence, a negative (positive) X n β suggests that an appreciation of the renminbi would generate negative (positive) impacts on the expected future cash flow of the n th Chinese bank, and may therefore reduce (increase) its equity returns.
H-share equity returns are expressed in terms of the Hong Kong dollar (rather than the renminbi as in the calculations of A-share equity returns), thus there may be an exchange rate effect on the H-share equity returns due to the exchange rate movements of renminbi exchange rate against the Hong Kong dollar. To control for this possible exchange rate effect for the H-share equity returns, we include a control variable, t Z , in Equation (2), which is defined as the percentage change of the renminbi exchange rate against the Hong Kong dollar 11 for H-share observations and zero otherwise. A similar treatment is adopted by Wang and Jiang (2004) to account for the renminbi-Hong Kong dollar exchange rate effect on the equity return differentials between the A-and H-shares.
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X t could also be defined as the renminbi exchange rate against currencies other than the US dollar (e.g., the renminbi exchange rate against the Japanese Yen). In the literature, when different pairs of exchange rates are considered, estimations are usually performed separately for each pair of exchange rate. In this study, we focus on the renminbi exchange rate against the US dollar, as most discussions in the academe and media regarding China's exchange rate movements focus on the renminbi exchange rate against the US dollar. Nevertheless, the foreign exchange exposures of Chinese banks in terms of the renminbi exchange rate against the Japanese Yen and the Euro were also examined. Empirically, we find that larger Chinese banks in general are not significantly exposed to the risk of the renminbi exchange rate against the Japanese Yen and the Euro. Therefore, implications of the foreign exchange exposure arising from changes in the renminbi exchange rate against the Euro or the Japanese Yen for the Chinese banking sector may not be very significant. Detailed results are made available upon request.
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Conventionally, the renminbi exchange rate is quoted as the renminbi value of a unit of the US dollar. We use its inverse in this study mainly for convenience in interpreting the estimated coefficients of X t . It should be noted that defining the renminbi exchange rate reciprocally would only affect the sign of the estimated coefficients of X t .
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Defined as the renminbi value of a unit of the Hong Kong dollar.
We also include the dummy variable A Dum in the estimations to capture any structural difference between the excess returns of banks' A-shares and H-shares.
For Chinese banks that are listed only in the Chinese stock market, we adopt the following empirical specification,
Equation (3) can be regarded as a simplified version of Equation (2) Although using daily equity price data can help remedy the problem of insufficient empirical observations in the study of Chinese banks, one drawback is that the dataset may contain some outliners, which could arise from either sudden changes in market sentiments or some special events of the banks (such as sharp rises in prices in the first trading day after IPOs). Including these outliners in the sample may lead to biased results, as the estimations could be unduly affected by them. As such, observations with an excess daily return lower than the 1 st percentile or higher than the 99 th percentile of the data for each bank are excluded from the sample for estimations.
Of the 14 Chinese banks, six are dual-listed in both the Chinese and Hong Kong stock markets. In constructing the estimation sample, we utilise their daily equity price 15
Shifting from de facto pegging the renminbi exchange rate to the US dollar to determining the renminbi exchange rate based on market supply and demand conditions with reference to a basket of currencies.
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In fact, only 5 of the 14 listed banks were listed in the A-share market before For the daily percentage of appreciation in the renminbi exchange rate against the US dollar, j t X − , it is calculated by the corresponding renminbi spot rates. A similar calculation is applied to t Z . All data used in this study, including the equity price data of Chinese banks, are obtained from Bloomberg.
We estimate foreign exchange exposure and other risk parameters for each duallisted and locally listed Chinese banks through the Ordinary Least Squares (OLS) method using the empirical specification in Equations (2) and (3), respectively. 18 For dual-listed 17 We consider three different maturities for the yield of risk-free government bonds. They are the yields of 1-year, 5-year, and 10-year government bonds in China. It is found that the data for 1-year and 10-year government bonds' yields are not frequently updated in the early part of the sample period, which may be due to the inactive trading of these two types of bonds. As a result, the yield of 5-year government bonds is chosen.
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Alternatively, a system of regressions using the Seemingly Unrelated Regression (SUR) method, which is essentially a generalised least squares method accounting for the existence of contemporaneous correlation among equations, can be employed to estimate foreign exchange exposure of the 14 Chinese
Chinese banks, the problem of heteroskedasticity may exist because the sample is constructed using both their A-and H-share prices. Therefore, t-statistics reported for the dual-listed Chinese banks are derived based on the method proposed by White and Domowitz (1984) to accommodate for the heteroskedasticity problem.
In order to obtain the optimal model for each bank, we first run all possible regressions that utilise all combinations of the regressors. Among the estimated regression models, we select the optimal model for each bank using the Akaike (1973) information criterion, a widely applied model selection criterion in the literature. However, this model selection method becomes impractical for a large number of explanatory variables; thus, we set the maximum number of lags for t X to be 5 (i.e., J = 5 in Equations (2) and (3)) so that the number of explanatory variables is limited to 12.
IV. ESTIMATION RESULTS
Estimation results for dual-listed and locally listed Chinese banks are presented in Tables 1 and 2 , respectively. Main findings are as follows:
1. Empirical evidence suggests that there is a significant relationship between bank size (as measured by total assets) and overall foreign exchange exposure banks jointly. Theoretically, the SUR method could significantly improve the efficiency of the estimates if (1) the contemporaneous correlation among equations is large and can be estimated accurately, and (2) the correlation among regressors in different equations is small (See p.452, Judge et al. (1988) ). We may not be able to estimate the contemporaneous correlation among the 14 Chinese banks accurately because the number of observations for some Chinese banks is rather small, in particular, the three city-commercial banks. The efficiency gains of using the SUR method may thus be very limited. Therefore, we adopt the OLS method in this study. Nevertheless, we use the SUR method to estimate the foreign exchange exposure for each dual-listed Chinese bank, as their A-and H-shares should exhibit a significant contemporaneous correlation, and the efficiency gains of using the SUR method may be more significant. However, the foreign exchange exposure estimates obtained using the SUR method turn out to be similar to those obtained from the OLS method. Detailed results are made available upon request.
(which includes all direct and indirect exposures) in terms of either the significance or the magnitude of the estimated This suggests that the resulting volatility on equity values due to renminbi exchange rate movements, either an appreciation or a depreciation, tended to be larger for larger banks.
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The result is even stronger when only those banks with non-zero 
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This is consistent with the fact that Chinese banks tend to have negative estimated foreign exchange exposure, which suggests that an appreciation of the renminbi against the US dollar tends to generate negative impacts on banks' values (this will be discussed later in points (3) and (4) of this section).
2. To gauge the relative size of the foreign exchange exposure of Chinese banks, we also estimate for comparison the foreign exchange exposure for a group of 12 listed banks in Hong Kong, using the same specification in Equation ( Such a model specification attempts to reveal how banks in Hong Kong are exposed to the risk of the renminbi exchange rate movements against the US dollar, with X t defined as the daily percentage appreciation in the renminbi exchange rate against the US dollar. It should be noted that such a comparison is subject to significant caveats given the significant differences between
Chinese banks and Hong Kong banks. Choi and Elyasiani (1997) found that while 59 large US commercial banks as a whole are estimated to have significant interest rate exposure, only 23 are found to have significant interest rate exposure individually. general produce negative impacts on Chinese banks, with the effect on smaller banks being more pronounced.
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V. CONCLUSION
Using the equity price data of 14 listed Chinese banks, this study adopts the capital market approach to examine Chinese banks' foreign exchange exposure, which comprises the direct exposure arising from banks' unhedged foreign assets and liabilities and the indirect exposure due to effects of exchange rate movements on cash flows, and credit risk of the banks' customers.
Empirical evidence suggests that there is a positive relationship between bank size and foreign exchange exposure. This may be partly due to the fact that larger banks tend to have more significant foreign exchange operations and trading positions. Larger banks may also have more businesses with large and international corporations, the competitiveness and profitability of which are sensitive to exchange rate movements.
Foreign exchange regulations should also contribute to the more significant foreign exchange exposure of larger Chinese banks.
In addition, the average foreign exchange exposures of state-owned and joint-stock It is also found that foreign exchange exposure tends to be different among Chinese banks, with negative foreign exchange exposure more prevalent for larger Chinese banks, suggesting that an appreciation of the renminbi tends to reduce their equity values. Larger banks constitute a major portion of assets in the Chinese banking industry;
hence, this empirical result suggests that an appreciation of the renminbi is likely to hamper the Chinese banking sector's performance.
The empirical results suggest that an appreciation of the renminbi will likely have a negative impact on the performance, and thus the equity values, of Chinese banks, with the impacts on larger banks being more pronounced. Together with the fact that decreases in equity values generally imply a higher default risk, the effects of different scenarios of renminbi appreciation on the default risk of Chinese banks should therefore be closely monitored. 
